Objective: Metabolic syndrome (MS) is a group of risk factors which includes hypertension, hyperglycemia, abnormal cholesterol levels, and obesity. Red blood cell distribution width (RDW) is a parameter that reflects the heterogeneity of erythrocyte volume. But the relationship between MS and RDW is intricate and remains poorly understood. We hypothesized that high RDW was associated with MS via inflammation. Our study aimed to investigate the association between RDW and MS in Chinese elderly large cohort. If RDW had a strong correlation with MS, RDW could become a predictor of MS? Methods: We recruited 10,887 ostensibly healthy participants aged from 60 to 93 (5795 male, 5092 female). Associations between RDW and other variables were assessed by Pearson correlation. Crude and adjusted odds ratio for MS with 95% confidence intervals was calculated by binary logistic regression models.
Introduction
Recently, high incidence of metabolic syndrome (MS) has been demonstrated by epidemiological studies in the Chinese elderly population [1] . MS is a group of risk factors, which include hypertension, hyperglycemia, abnormal cholesterol levels, and obesity. A joint statement about MS definition consensus standards was published in 2009 [2] . MS is actually a chronic inflammatory disease [3] . Moreover, risks for patients diagnosed with MS include higher incident and mortality of cardiovascular events and ischemic stroke [4, 5] . Red blood cell distribution width (RDW) is a parameter that reflects the heterogeneity of erythrocyte volume. RDW is an inexpensive, non-invasive and powerful indicator that is associated with inflammation [6] . Several studies have shown that high RDW was associated with MS, but there are still a lot of inconsistencies [7] [8] [9] [10] [11] [12] [13] [14] [15] , such as the correlation between RDW and MS diagnostic criteria and the relationship between RDW and hypertension or obesity. The incidence of MS marker increased after menopause onset in the female population [16] . We hypothesized that high RDW was associated with MS via inflammation. Besides, no previous study has looked through this matter in different gender perspective. Therefore, the purpose of this cross-sectional study was to inspect correlations between RDW and MS and focused on the difference of gender in an elderly population from Tianjin. If approved, it will endorse the potentiality of considering RDW as one predictor of MS.
Subjects and methods

Design
We have been conducting this cross-sectional, community-based health-check research for more than a decade, under collaboration from the departments of Health Management, Ultrasound, and Nuclear Medicine from Tianjin Medical University General Hospital [17] [18] [19] [20] [21] [22] [23] [24] . During the period from September 2007 to September 2013, a total of 10,887 eligible subjects (5795 male, 5092 female) who aged over 60 years took part in this community-based health examination program. First, all participants completed a self-report questionnaire and were asked to provide a blood sample, then received an overall heath check. In order to avoid the influence of confounding factors, exclusion criteria were used for the following situations: participants suffering from hematological, infectious or inflammatory disease; participants with liver diseases; participants with previous histories of ischemic heart disease or stroke, treatment with hematological drugs, thromboembolism or immunological diseases; subjects with any diseases or taking any medicine that might affect red blood cell (RBC); pregnancy. (Fig. 1 ).
Ethics
The institutional review board and ethic committee of Tianjin Medical University General Hospital approved the ethical, methodological and protocol aspects of this investigation. We confirm that all methods in the current study were carried out in accordance with the relevant guidelines and regulations. All participants in this research provided their written consents. The ethical approval number was 2011-6-1.
Measurements
Anthropometric measurements and fasting blood tests of every participant were performed during the participants' visits to our institution. The time between blood sampling and RDW measurement was controlled within three hours. Body height (BH) and body weight (BW) were measured in centimeters and kilograms. Body mass index (BMI) was calculated by dividing BW (kilograms) by the square of BH (meters2). Blood pressure was measured by using a sphygmomanometer. High density lipoprotein (HDL), low density lipoprotein (LDL), total cholesterol (TC), triglycerides (TG), triglycerides (FG), blood urea nitrogen (BUN) and total bilirubin (TBIL) were measured by an auto-analyzer (Hitachi Corporation, Tokyo, Japan); C-reactive protein (CRP) were measured by an analyzer (Hebai Diagnostics, Shijiazhuang, China); erythrocyte sedimentation rate (ESR) by Westergren method (Fabraeus, Sweden); mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), RBC, hemoglobin (HB) and RDW by a hemocytometer analyzer (Sysmex Corporation, Kobe, Japan).
The laboratory calibration references for parameters were as follows: HDL 0. 
Statistical analysis
Population characteristics as well as clinical parameters were presented by mean ± standard deviation, both in total and by gender groups. We divide the data into two groups of male and female for analysis. We used independent sample's t-test to analysis the differences of indices. Pearson bivariate correlation was used to explore the relationships among RDW and other variables. RDW concentrations were divided into quartiles. Then we compared inter-group prevalence differences MS by using Chi-square test. We compared the relationship between other variables and MS. We performed the T-test between the parameters of the MS groups and the normal. Crude as well as adjusted odds ratio (OR) for MS with 95% confidence intervals (CI) was calculated by binary logistic regression models. P value of less than 0.05 was considered as statistically significant. Statistical Package for Social Sciences (SPSS version 17.0, Chicago, IL) was used to carry out statistics. Significance was defined as P < 0.05.
Result
Characteristics of the participants in different genders
There were significant differences in parameters with respect to opposite sex. Except for age, BMI, CRP, there were significant differences in the characteristics of participants with respect to opposite gender (Table 1) . Overall, waist, DBP, FG, BUN, TBIL, MCV, MCHC, RBC, HB, WBC(white blood cell) and RDW were significantly higher in men than in women. SBP, HDL, LDL, TC, TG, ESR MCH were lower in males than in females. (Table 3) .
Differences between different variables in the MS groups and the normal based on different genders BMI, TC, BUN, RBC, WBC and HB had significant differences in MS groups and the normal in both sexes. Different, MS was associated with TBIL and MCHC in males, MS was associated with LDL, MCV and ESR in females ( Table 4 ).
The risks of MS according to RDW quartiles in different genders
The risks of developing MS were calculated by binary logistic regression models in different genders with the lowest RDW quartile as reference ( 
Discussion
Recently, the incidence of MS increased quickly, especially in the elderly population. MS is a determinate factor which increases the risk of cardiovascular diseases and ischemic stroke [4, 5] . RDW is a measurement of the width of the RBC variable in the blood count report, as a diagnostic marker for anemia [25] . RDW may be an indicator of oxidative stress and underlying inflammation in patients with Chronic Obstructive Pulmonary Disease (COPD) [26] . RDW is also an inflammatory marker used to predict the potential risk of cardiovascular events and it may be associated with the development of postoperative atrial fibrillation after elective on-pump cardiac surgery as presented [10, 27] . RDW may be associated with albuminuria in familial Mediterranean fever patients and it can be a predictor of microalbuminuria [28] . RDW could be deduced by the percentage ratio of the difference in mean corpuscular volume and mean corpuscular volume. Some studies have explored the relationship between RDW and MS, trying to explain the underlying reason. But, controversy exists. Sanchez-Chaparro et al. [11] found that high RDW reflected an inflammatory state, resulting in impaired erythrocyte maturation and anisocytosis. However, the sample of the study was mostly composed of a young healthy Spanish population in an active working situation. They were not good enough to represent the general population. The study of Farah et al. [8] indicated that RDW was positively correlated with MS, and RDW increased with the severity of MS. The limitation of this study was that the number of samples (300 subjects) was too small to carry out subgroup analysis. In 2011, Vaya et al. [14] pointed out that abdominal obesity was the only MS component associated with high RDW. However, Fujita et al. [9] concluded that obesity was not necessarily positively correlated with RDW through animal models. Laufer et al. [29] demonstrated that high RDW (RDW ≥ 14%) was associated with increased risk of MS and long-term mortality, which also showed that hypertension was the strongest risk factor with RDW ≥ 14% in all criteria for MS. These results were not in good conformity with the study from Vaya et al. [14] . In addition, a different point of view raised in the study of Emamian et al. [7] was that level of RDW was higher among normotensive individuals than hypertensive. Perhaps, the role of gene deletions and gene polymorphisms in regulating hypertension in different populations can partially explain the divergence [30] [31] [32] [33] [34] . Vaya et al. [15] suggested that RDW had no relationship with an unfavorable lipid profile in the normal population. But Tsuda et al. [12] indicated that MS was associated with elevated levels of lipids, glucose levels and circulating insulin levels to lead to reduce red blood cell deformability through the impact on the erythrocyte membrane. In another study of 137 metabolic patients by Vaya et al. [13] , red blood cell deformability was negatively correlated with TG and glucose levels, positively correlated with RDW. The author indicated that higher anisocytosis was associated with greater morphologic alterations (shape/volume), which reduced erythrocyte deformability. The paper also proposed that proinflammatory profile in metabolic patients could be related to the positive association of RDW. Why RDW can be somehow related with MS, even though inconsistency exists? Firstly, hyperglycemia could be one crucial reason behind this phenomenon. Insulin resistance leading to impaired glucose tolerance can be regarded as an important risk factor for MS. A study of subjects aged 45 to 73 years followed over a mean time of 14 years confirmed that low RDW was associated with increased risk of developing diabetes mellitus [35] . RDW is negatively correlated with waist and FG, insulin and TG concentrations. Engstrom et al. [35] thought that low RDW could be a marker of reduced RBC survival. High blood sugar is associated with reduced changes in mechanical properties and deformability of the RBC [36, 37] . Elevated blood sugar can affect RBC performance, reduce RBC survival and create a more homogenous population of cells. Thus, it can be deduced to explain the increased risk of diabetes mellitus in patients with low RDW. Secondly, it can also be speculated that the reported relationship between high RDW, heart failure RDW red blood cell distribution width, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL high density lipoprotein, LDL low density lipoprotein, TC total cholesterol, TG triglycerides, FG fasting glucose, BUN blood urea nitrogen, TBIL total bilirubin, CRP C-reactive protein, ESR erythrocyte sedimentation rate, MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, RBC red blood cell, HB hemoglobin, WBC white blood cell * P < 0.05, ** P < 0.01
and mortality may be related to the properties and functions of senescent RBCs. In addition, Vaya et al. [13] hypothesized that several factors which influence erythrocyte deformability and RDW could be involved in the relationship between RDW and metabolic traits, and that their combined effects might be the cause of these apparently incongruent results. In this sense, the cholesterol content of the erythrocyte membrane might play a role as an increase in this factor has been found to be related with high RDW values. Thirdly, perhaps, gene deletions and gene polymorphisms in regulating MS in different populations can partially explain the divergence between RDW and MS. For instance, Rouskas et al. [38] indicated that genetic variation in the MKKS gene may occupy a position in the development of MS.
Our study focused on the association between RDW and MS among an elderly population in different sexes. The incidence of MS in these post-menopausal women was higher than in men. With the rise of RDW quartiles, the incidence of MS decreased. The risk of MS was lower at the higher quartiles of RDW in males. In females, there was no significant correlation between RDW and the risk of MS risk. Wang et al. [17] confirmed that the prevalence of MS in young men was significantly higher than that in women, and women had higher MS prevalence than men after menopause period. This finding was consistent with our research.
Several limitations of our research should be noted. First, as a cross-sectional survey, we could not determine causality. Therefore, it is necessary to carry out a study with prospective nature in the future. Second, the BMI body mass index, LDL low density lipoprotein, TC total cholesterol, BUN blood urea nitrogen, TBIL total bilirubin, CRP C-reactive protein, ESR erythrocyte sedimentation rate, MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, RBC red blood cell, HB hemoglobin, WBC white blood cell * P < 0.05, ** P < 0.01 (analyzed by independent sample's t test)
blood parameters were checked only once, no repeated measurements were performed. Third, due to the large sample size, greater heterogeneity of the population could affect the results we got. Fourth, while the exclusion criteria were strictly used to eliminate diseases that may affect parameters of this research, the health status of some seemingly healthy participants might not be known, which could be an interfering factor leading to an error. Fifth, serum levels of other factors (iron, vitamin B12, folic acid, Hemoglobin A1C), respiratory condition and inflammatory markers, were not measured in this study, which could affect RDW. Fifth, as a single-center study, extra caution need to be made on its generalizability.
Conclusion
We found the incidence of MS in males is higher than that in females. There were significant correlations between multiple factors in the diagnostic criteria for MS and RDW in different genders. RDW demonstrated positive correlations with SBP, HDL, negative correlations with TG and FG. The risk of MS was lower at the highest quartile of RDW in males. There was no significant statistical significance in females. At present, the incidence of MS in the elderly is increasing year by year. But the relationship between RDW and MS has not been confirmed through relevant research about the elderly Asian. Further investigations are needed to determine whether the relationship becomes apparent. 
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